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Abstract
How do interest rates react to news? This paper presents a new methodology, based
on a simple dynamic term structure model, which provides for an integrated analysis of
the eﬀects of monetary policy actions and macroeconomic news on the term structure
of interest rates. I ﬁnd several new empirical results: First, monetary policy directly
aﬀects distant forward rates. Second, policy news is more complex than macro news.
Third, while payroll news causes the most action in interest rates, it does not aﬀect
distant forward rates. Fourth, the term structure response to macro news is consistent
with considerable interest rate smoothing.
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Monetary policy actions and macroeconomic news releases are the major drivers of changes in
ﬁnancial asset prices. To assess their systematic impact on the term structure of interest rates,
studies typically resort to instrument-by-instrument event study regressions, where changes
in various interest rates are separately regressed on a surprise measure. This is true for the
literature studying the eﬀects of monetary policy on ﬁnancial markets, including Kuttner
(2001) and many subsequent papers, for the macro announcement literature, and for the
seminal paper of G¨ urkaynak et al. (2005b) that estimates the impact of both policy and macro
surprises on long-term interest rates.1 Here I propose a novel methodology to study how new
information aﬀects the entire term structure of interest rates, based on a simple dynamic term
structure model (DTSM) with three distinctive features: First, its cross-sectional dynamics
identify the factors as level, slope and curvature. Second, the time series dynamics are left
unspeciﬁed. Third, the heterogeneity of news is explicitly recognized. This approach allows
me to parsimoniously capture and analyze the cross-sectional impact of news on nominal
interest rates, incorporating the analysis of policy actions and various types of macro news
in a common framework. The paper provides new answers to important economic questions,
among others about whether policy actions can directly aﬀect long forward rates, about the
extent to which long forward rates react to economic news, and about the plausible degrees
of interest rate smoothing in the Fed’s conduct of monetary policy.
The object of interest in this paper is the revision of risk-adjusted expectations of future








where rt is the short rate, and E
Q
t denotes risk-adjusted expectations conditional on infor-
mation until time t. Modeling Rt is crucial to understanding the impact of news on day
t on ﬁxed income markets, because changes in all bond yields and money market rates are
driven by Rt. Importantly, it includes changes in real-world (objective, P-measure) expec-
tations of future short rates as well as changes in risk premia. To parsimoniously capture,
estimate and analyze this inﬁnite-dimensional object, a DTSM provides exactly the right kind
of toolbox: The cross-sectional restrictions following from the absence of arbitrage reduce the
dimensionality of Rt from inﬁnity to the number of pricing factors (three in my model), and
1Papers in the Kuttner tradition include Rigobon and Sack (2004), Bernanke and Kuttner (2005),
G¨ urkaynak et al. (2005a), and Hamilton (2008). Among the numerous studies which explore the eﬀects
of macro announcements on ﬁnancial markets are Fleming and Remolona (1997), Balduzzi et al. (2001),
G¨ urkaynak et al. (2005b), Faust et al. (2007), Bartolini et al. (2008), and Rigobon and Sack (2008).
1every DTSM contains a speciﬁcation of interest rate dynamics under Q. Hence, every DTSM
implies a low-dimensional representation of Rt. I use a simple three-factor aﬃne Gaussian
DTSM, parameterized using the canonical form of Joslin et al. (2011). Together with the over-
identifying restrictions of Christensen et al. (2011) on the risk-neutral speciﬁcation, which are
not rejected in my data, pricing factors are identiﬁed as level, slope, and curvature. This
has the advantage of facilitating economic interpretation. Importantly, it allows me to test
whether surprises in a certain economic data release aﬀect the long end of the term structure,
i.e., far-ahead forward rates, which is the focal question of G¨ urkaynak et al. (2005b).
In contrast to most papers using DTSMs in empirical applications, the goal here is not
to construct forecasts of the short rate and term premium estimates, but simply to capture
the cross-sectional dynamics of interest rates.2 For this purpose we only need the Q-dynamics
of interest rates, and there is no need to specify the time series dynamics, i.e., the dynamic
system under the P measure. It is a novel feature of this paper to simplify DTSM estimation
by not making the change of measure (the pricing kernel) and the P-dynamics explicit. This
has several advantages: First, the high persistence of interest rates makes inference about
their time series properties rather troublesome.3 Second, this adds ﬂexibility, since the model
is aﬃne only under Q but has no restrictions on the dynamics under P. Third, the number
of estimated parameters is greatly reduced compared to conventional DTSM speciﬁcations.
Fourth, a separation result makes estimation using maximum likelihood possible even without
specifying the real-world probability measure, and it is very simple, fast, and reliable. Esti-
mation is performed using interest rate changes instead of levels, which has some practical
advantages in this context. The data set contains not only Treasury yields but also federal
funds futures and Eurodollar futures.
To integrate in a common framework the analysis of diﬀerent types of news, the model
explicitly accounts for heterogeneity of shocks to interest rates. I achieve this by allowing the
second moments of the model to depend on the “news regime,” i.e., the type of news that
occurs on a given day. This is a simple but eﬀective way to assess and compare the diﬀerential
impact of policy actions and various types of macro news on the nominal term structure.
Recognizing and analyzing the heterogeneity of interest rates is crucial to answering some of
the questions this paper is asking. Notably, existing DTSMs treat all trading days in the same
way.4 My model allows for estimation of separate term structures of volatility, depending on
2Studies that use DTSMs to estimate the term premium in long term interest rates include, among many
others, Duﬀee (2002), Kim and Wright (2005), Joslin et al. (2010), and Bauer (2011b).
3These problems have been documented, for example, in Duﬀee and Stanton (2004), Kim and Orphanides
(2005), and Hamilton and Wu (2010).
4This also holds for regime-switching models such as Bansal and Zhou (2002) and Monfort and Pegoraro
(2007), since they do not condition on observable information, i.e. do not distinguish between trading days.
2the news regime, and it enables me to uncover heterogeneities in the data.
What do we learn about the eﬀects of news on nominal interest rates? First, the analysis
reveals signiﬁcant heterogeneity in how the various sources of news aﬀect the nominal term
structure. I estimate news-speciﬁc term structures of volatility and document important
diﬀerences. This result lends empirical support to estimation approaches that rely on such
heterogeneity, as in Rigobon and Sack (2004, 2008) and Wright (2011). Nonfarm payroll
numbers are a major source of interest volatility, which accords with the event study results
in the announcement literature. My estimates show the diﬀerences in vol curves across news,
i.e., how diﬀerent types of news move rates across maturities.
A comparison between policy surprises and macroeconomic news reveals that policy has
more varied, more complex eﬀects on the term structure. Policy actions are multidimensional.
G¨ urkaynak et al. (2005a) have used principal component analysis to show that more than one
factor is needed to describe monetary policy actions. I conﬁrm their ﬁnding in the context
of a DTSM, and add to this evidence by documenting a systematic diﬀerence between policy
and macro news: Macroeconomic data surprises are one-dimensional.
How does monetary policy aﬀect interest rates? This paper argues that it is useful to go
beyond the event study regressions popularized by Kuttner (2001), in which the policy surprise
measure is a (scaled) change in a near-term money market futures rate. Since the coeﬃcients
and R-squared of such regressions simply capture the cross-sectional comovement of interest
rates, we can gain only limited insights about the impact of policy using this approach. In
fact, Kuttner-type event study results are almost exactly replicated by the estimates of my
very simple model.
An alternative perspective is to consider policy-driven volatilities, i.e., the term structure
of volatility conditional on the source of news being a policy action. The key ﬁnding is
that monetary policy generally has strong eﬀects on the entire term structure. The volatility
caused by policy actions reveals that long rates move just as much as short rates. Furthermore,
volatility in far-ahead forward rates is higher on policy days than on non-policy days. While
previous studies typically concluded from their regression results that policy has larger eﬀects
on the short end than on the long end of the term structure (Kuttner, 2001; Rigobon and Sack,
2004; G¨ urkaynak et al., 2005a), taking the view of policy-driven volatilities suggests that in
fact the impact of monetary policy does not signiﬁcantly decline with maturity.
The model allows me to revisit the question posed by G¨ urkaynak et al. (2005b) about which
types of macro news cause level eﬀects. These authors conclude that most economic releases
signiﬁcantly aﬀect the long end of the term structure, based on event study regressions for some
speciﬁc yields and forward rates. My methodology diﬀers in that I incorporate information
3from the entire term structure and explicitly test for eﬀects on inﬁnitely long forward rates. In
contrast to their results, I ﬁnd that the most important release, the nonfarm payrolls number,
does not aﬀect distant forward rates. News related to inﬂation, however, such as core CPI
and hourly earnings, do cause level eﬀects and move the long end of the term structure.
This paper also adds to the body of evidence about policy inertia. Macroeconomic news
leads to revisions of policy expectations that reﬂect an anticipation of incremental changes
of the short rate in the same direction. Hence, markets expect policy to be conducted in an
inertial fashion. I revisit some of the evidence in Rudebusch (2006) to assess the degree of
interest rate smoothing on the part of the Federal Reserve (Fed). Using my methodology I ﬁnd
that a considerable amount of interest rate smoothing is consistent with near-term forward
rate responses to macro news. Based on my results it is not implausible for the Fed to put
more than 50% weight, even up to 80%, on the last quarter’s value of the policy rate when
determining its value for the current quarter. This ﬁnding stands in contrast to the results in
Rudebusch (2002) and Rudebusch (2006).
The paper is structured as follows: The model is introduced and estimated in Section
2. In Section 3 I consider the eﬀects of monetary policy actions on the term structure and
document diﬀerences between policy and macro news. In Section 4 I estimate the eﬀects of
macroeconomic data surprises and discuss the sensitivity of long forward rates and policy
inertia. Section 5 concludes.
2 A model for term structure movements
By imposing cross-sectional restrictions that follow from no-arbitrage, a DTSM provides a way
to parsimoniously capture the entire revision of risk-neutral short rate expectations. These
restrictions derive from the speciﬁcation of the risk-neutral dynamics of the term structure
factors. This section presents a simple Q-aﬃne DTSM, which is estimated using changes in
money market futures rates and Treasury yields.
2.1 Aﬃne model for the cross section
The purpose of the term structure model used in this paper is to parsimoniously capture
changes in the term structure in response to new information. A linear factor structure, while
potentially restrictive, is typically very successful in capturing the cross-sectional variation
in the term structure of interest rates. Thus I use a model within the aﬃne class of Duﬃe
and Kan (1996). Denote the N-vector of pricing factors by Pt, and assume that it evolves
4according to a ﬁrst-order vector autoregression (VAR) under the risk-neutral measure Q:
Pt+1 = µ + ΦPt + u
Q
t+1. (2)
The risk-neutral innovations are a Gaussian martingale diﬀerence sequence under Q. For
now I assume that they are iid with variance-covariance matrix Ω—this assumption will later
be replaced by one that allows for deterministic heteroskedasticity. Denote the rate for an
overnight default-free loan between days t and t + 1, the short rate, by rt.5 Assume that it is
an aﬃne function of the pricing factors, i.e.,
rt = δ0 + δ
0
1Pt. (3)
These two assumptions, which put the model in the DA
Q
0 (N) class of Dai et al. (2006), imply
that bond prices are exponentially aﬃne functions of Pt. The yield on a zero coupon bond
with remaining maturity n is yn
t = An + Bn
0Pt, and for a one-period forward rate for a loan




0Pt. The loadings are given in Appendix A.
Notably, it is not necessary to model the time series dynamics of interest rates, because no
forecasts or term premium estimation will be attempted. Therefore, I can leave the physical
distribution of the term structure factors unspeciﬁed; maximum likelihood estimation is still
possible because of a separation of the likelihood function. This is a novel feature of this
paper which has several advantages. Estimation is greatly simpliﬁed since the number of free
parameters is very small. Moreover, this circumvents all problems surrounding the estimation
of autoregressive models for highly persistent processes (Duﬀee and Stanton, 2004; Kim and
Orphanides, 2005). Furthermore, this approach adds ﬂexibility since any dynamic speciﬁcation
for Pt is consistent with my model.
2.2 News, revisions to policy expectations, and rate changes
Because this paper analyzes interest rate changes, it is useful to focus on revisions to risk-
neutral short rate expectations. These drive changes in all bond yields and money market
rates. I deﬁne the revision at time t, Rt, as the change in risk-neutral expectations about the
entire path of future short rates between day t−1 and day t; see equation (1). From the aﬃne
5I abstract from the facts that the policy rate in the U.S., the eﬀective fed funds rate, deviates from the
target set by the monetary authority, and that the target has a step-function character. Both simpliﬁcations
are inconsequential since I do not include observations of the short rate.



















The revision thus is a linear combination of the risk-neutral innovations. Notably it is es-




t−1 , up to changes in convexity. This
makes intuitive sense since forward rates are essentially risk-neutral expected future short
rates. Derivations are provided in Appendix B.
Importantly, the model captures the inﬁnite-dimensional revision Rt = {Rn
t }∞
n=0 by just
N numbers, the risk-neutral innovations. This reduction of dimensionality is a major reason
for the popularity of DTSMs. In contrast to a simple factor model, the assumption of no-
arbitrage, equivalent to assuming the existence of a risk-neutral pricing measure, implies
that the factor loadings cannot be unrestricted but instead have to be consistent with the
parameters determining the Q-dynamics of the pricing factors.
In which sense does Rt capture the news? If we deﬁne “news” as the unexpected move-
ments in interest rates, then Rt does not only include news. Rn
t certainly is a martingale
diﬀerence sequence under Q, but generally not under the physical measure P, unless the pure
expectations hypothesis holds. This becomes clear when we write the revision at horizon
n as Rn
t = (Et − Et−1)rt+n + Πn
t − Π
n+1








t−1 , the forward
premium drift. This term is zero under the pure expectations hypothesis or if the forward
premium does not depend on maturity, but in general it is nonzero. However, at the daily fre-
quency this predictable component is negligibly small, see for example Hamilton (2009). Daily
interest rate changes are mostly driven by news, which are reﬂected in changes in expectations
of future policy rates and unexpected changes in risk premia.
How are changes in bond yields and forward rates related to Rt? For the daily change in
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This drift term is typically very small (results not shown). Daily changes in forward rates and
yields are mainly driven by the revision of risk-neutral short rate expectations over the relevant




















2.3 Money market futures
In addition to changes in yields market participants and academics alike often consider changes
in money market futures to assess the eﬀects of policy and macro news on the term structure.
I will incorporate both federal funds futures and Eurodollar futures in the analysis.
Federal funds futures, which were introduced by the Chicago Board of Trade (CBOT) in
October 1988, settle based on the average eﬀective federal funds rate over the course of the
contract month. Denote the futures rate at time t of the i-month-ahead contract by FF
(i)
t , and
the contract itself by FFi. Letting m(t) be the day of the month corresponding to calendar
day t, and M the number of days in a month (taken as 21, the average number of business
days per month), settlement is based on the average short rate from t + iM − m(t) + 1 to
t+(i+1)M −m(t). Since the cost to enter the contract is zero and the payoﬀ6 is proportional














The futures rate is exactly equal to the average Q-expected short rate. There are no convexity
terms as for forward rates because the payoﬀ is linear in the average future short rate.
Eurodollar futures settle based on the three-month LIBOR rate on the settlement day,
which is the last day of the relevant quarter.7 In this paper I abstract from the credit risk that
is inherent in three-month loans in the interbank market.8 Denote the rate for the Eurodollar
futures contract that settles at the end of quarter i, where i = 1 corresponds to the current
quarter, by ED
(i)
t , and the contract itself by EDi. The pricing equation for this rate parallels
6Here the eﬀect of marking-to-market, i.e. the fact that payments are made before settlement, is ignored.
Evidence of Piazzesi and Swanson (2008) indicates that this eﬀect is likely to be negligible in this context.
7For detailed information on Eurodollar futures contracts refer to the Chicago Mercantile Exchange’s web
site at http://www.cmegroup.com/trading/interest-rates/stir/eurodollar.html (accessed 08/23/2010).
8The credit risk resulting from commitment to a speciﬁc counter-party for three months instead of rolling
over daily loans at the fed funds rate is measured by the LIBOR-OIS spread. Before August 2007 this spread
was small and very stable. During the ﬁnancial crisis, it increased dramatically since the interbank market
essentially froze up. However, under the assumption that changes in the (forward-looking) futures rates mainly
reﬂect changes in risk-neutral short rate expectations and not changes in expected LIBOR-OIS spread, it is
safe to ignore this issue. This assumption seems plausible for most days, with the exception of a few very
turbulent days during the crisis.














with Q equal to the number of days in a quarter (taken to be 63, the average number of
business days in a quarter) and q(t) the day of the quarter for calendar day t.9
For two consecutive days in the same calendar month, the daily change in a fed funds




t−1 = M−1 P(i+1)M−m(t)
n=iM−m(t)+1 Rn
t . Correspondingly, for two consecutive







t . That is, changes in futures rates exactly reﬂect the average revision over
the relevant future horizon. There are no convexity terms because payoﬀs are linear in future
short rates. There are no drift terms because the rate at t − 1 and at t are about the exact
same future horizon.
Under the assumptions of our model, equations (5) and (6) lead to expressions for futures
rates that are aﬃne functions of Pt. Similarly, daily changes are aﬃne functions of the risk-
neutral innovations u
Q
t . However, the loadings diﬀer depending on m(t) and q(t), respectively,
because the relevant horizon of future short rate expectations changes with the day of the
month/quarter. It greatly simpliﬁes the calculations and eases the computational burden to
take m(t) and q(t) as constant and thus obtain time-invariant loadings. I set m(t) = ¯ m = 10
and q(t) = ¯ q = 31, pretending we are always in the middle of the month/quarter. For our
purpose this is an innocuous approximation. It leads to the aﬃne functions
FF
(i)












with the aﬃne loadings given in Appendix C.
2.4 Data and estimation method
The data used in estimating the model are daily observations of money market futures rates
and Treasury yields, from January 1990 and to December 2009.10 I include fed funds futures
9The pricing formula derived here diﬀers from Jegadeesh and Pennacchi (1996) because these authors treat
LIBOR as the yield on a hypothetical three-month bond. In light of the fact that the LIBOR rate is set based
on a survey of intrabank rates, which are via no-arbitrage directly determined by risk-adjusted monetary policy
expectations, the approach here seems preferable.
10I leave out days when the futures contracts expire and roll over, because rate changes on roll-over days
contain a fair amount of idiosyncratic movements.
8contracts FF1 to FF4, Eurodollar futures contracts ED2 to ED15, and yields with maturities
6, 12, 18 months and 2 to 10 years. The futures data come from Bloomberg. The yields are
unsmoothed zero-coupon rates constructed from observed bond yields.11











t , ..., y
n12
t ), which has length J = 4 + 14 + 12 = 30.12 The low-dimensional
factor structure for Yt requires inclusion of a measurement error to avoid stochastic singularity.
Denote the observed rates by ˜ Yt. The measurement equation is
∆˜ Yt = ∆Yt + wt = B
0∆Pt + wt,
where wt is a J×1 measurement error that is Gaussian white noise and has variance-covariance
matrix σ2
wIJ. The N × J matrix B contains the model-implied loadings of futures rates and
yields on the pricing factors. Note that in contrast to the existing term structure literature, I
specify the measurement equation for rate changes and not for levels, for the reasons discussed
below.
As usual for aﬃne term structure models, normalizing restrictions are necessary for iden-
tiﬁcation, such that the pricing factors cannot be rotated without changing observable impli-
cations (Dai and Singleton, 2000; Hamilton and Wu, 2010). I use the canonical form of Joslin
et al. (2011, henceforth JSZ), assuming that N linear combinations of Yt are priced without
error. Speciﬁcally I take N = 3 and use the ﬁrst three principal components of ˜ Yt as pricing
factors. Denoting by W the N ×J matrix containing the eigenvectors corresponding to these
principal components, we have Pt = W ˜ Yt. Under JSZ’s normalization, µ and Φ are uniquely
determined by the risk-neutral long-run mean of the short rate, rQ
∞, and the eigenvalues of Φ,
denoted by λQ. All loadings in B are entirely determined by λQ.
Importantly, the observations ∆˜ Yt do not identify rQ
∞ or Ω but only λQ. This is a blessing
rather than a curse: Only N parameters are needed to ﬁt the daily changes of the entire cross
section of interest rates.
The conditional likelihood function of the observed yield changes is given by





Here θ = (θP0,λQ,σ2
w)0 denotes all parameters that enter the conditional density of the data.
The vector θP denotes those parameters that determine the physical distribution of interest
rates, i.e., the time series model for Pt. I did not specify the time series structure and have
11I thank Anh Le of the University of North Carolina for providing this data.
12Note that the yield maturities n1,...,n12 are expressed in days.
9no interest in estimating θP. Importantly, I do not need to: The likelihood decomposes
into the product of the Q-likelihood and the P-likelihood, which do not share any parameters
because of the way the model is parameterized.13 Therefore, the maximum likelihood estimates
of λQ and σ2




In the context of this paper, there are two advantages to using rate changes for the estima-
tion of the model. The ﬁrst and main advantage is that this ensures that the relevant pricing
errors, namely those for rate changes, are small on average. In contrast, conventional DTSM
estimation essentially amounts to minimizing the (weighted) sum of squared pricing errors for
yield levels. Here I want to capture Rt and the impact of news, thus the task at hand is to
ﬁt rate changes and not levels. The second advantage is that by considering rate changes, the
intercept terms cancel out. These, in the case of yields, contain convexity terms that depend
on Ω. This shock covariance matrix usually appears in both Q- and P-likelihood. By ﬁtting
ﬁrst diﬀerences, I not only reduce the parameter space but also ensure complete separation of
the likelihood function.14
2.5 Estimation results
Parameter estimates are obtained by numerically maximizing the Q-log-likelihood using a
Nelder-Mead algorithm, where I concentrate out the measurement error variance σ2
w, i.e., I
set it at its optimal value for each attempted value of λQ. I calculate robust quasi-maximum-
likelihood standard errors as suggested by White (1982), using numerical approximations to
gradient and hessian.
I ﬁrst estimate the model by assuming that λQ contains real distinct eigenvalues. The
results (not shown) suggest that one eigenvalue should be restricted to unity and the other two
eigenvalues set equal to each other. Imposing these restrictions leaves the optimal value of the
likelihood function essentially unchanged, i.e., they are not rejected by a likelihood-ratio test.
Therefore I proceed with this restricted version of the model. These restrictions imply that the
normalized pricing factors Xt, the factors in the rotated model in which the JSZ normalizations
are imposed, i.e., the “Jordan-normalized” factors in the language of JSZ, can be labeled as
level, slope, and curvature. This cross-sectional speciﬁcation exactly parallels the arbitrage-
free Nelson-Siegel model of Christensen et al. (2011). Notably, under this speciﬁcation, only
13This result is motivated by, and very similar to, the separation result in JSZ. Because they consider yield
levels (which contain convexity) the innovation variance appears in both P- and Q-likelihood, which is not the
case when yield changes are used in the estimation.
14Since money market futures rates do not contain convexity, the complete separation of the likelihood would
also be achieved if only levels of futures rates were used in estimation.
10one parameter determines the cross-sectional dynamics of the term structure. This parameter,
the repeated eigenvalue, is estimated to be 0.997356, with standard error 5.4 · 10−5.
How well does this extremely parsimonious term structure model ﬁt futures and yield
changes? The estimated pricing error standard deviation is 2.34 bps (basis points), compared
to a standard deviation of actual rate changes across all contracts of 6.67 bps.15 An R2-type
measure of ﬁt, calculated as one minus the ratio of pricing error variance to the variance of rate
changes, is equal to 87.7%. The ﬁt is surprisingly good, speciﬁcally in light of two observations:
First, rate changes are harder to ﬁt than levels, therefore one should not compare the ﬁt here
to, for example, the explanatory power of the ﬁrst three principal components for interest rate
levels (which in the data set used here is 99.6%). Second, the model is used to simultaneously
ﬁt fed funds futures, Eurodollar futures, and Treasury yields, ignoring some institutional
characteristics that necessarily imply approximation errors, such as the step-function character
of the short rate and the LIBOR-OIS spread. To be able to capture changes in all of these
instruments with good accuracy using a model as parsimonious as the one used here certainly
can be considered as an empirical success.
Figure 1 shows the term structure of volatility, or “vol curve,” i.e., the volatilities of rate
changes across maturities. I present sample standard deviations of daily rate changes and
95% conﬁdence intervals based on the usual chi-squared approximation. This empirical vol
curve is represented by error bands. The model-implied volatilities, which derive from the
sample covariance matrix of ∆Pt, the model-implied loadings, and the estimated pricing error
variance, are represented by a solid line. Results for the Eurodollar futures contracts are shown
in the left panel, for Treasury yields in the right panel. The term structure model captures
the level and shape of the vol curves suﬃciently well, replicating both the hump shape of the
vol curve (the back and the tail of the snake, see Piazzesi, 2001) as well as the relatively high
volatilities of long rates (G¨ urkaynak et al., 2005b).
2.6 Heterogeneity of news
The goal here is to provide a framework for an integrated analysis of the eﬀects of news on
the term structure. This entails recognizing and analyzing systematic diﬀerences between the
various sources of news. Most importantly, the volatility of interest rates as well as the co-
movement of rates at diﬀerent horizons might diﬀer, depending on the type of new information
that drives term structure movements.




J because N linear combinations of the J errors are assumed to be identically zero in the
JSZ normalization.
11With this goal in mind, I want to allow allow for heterogeneity of the factor shocks. A
simple and straightforward way to do this is by means of observable variance regimes that are





∼ N(0,Ωr(t)) where r(t) is a deterministic function mapping each calendar day into
one of R variance regimes.
This assumption is obviously very diﬀerent from the regime-switching term structure mod-
els such as the ones of Bansal and Zhou (2002) and Monfort and Pegoraro (2007), where the
state variable that determines the regime is stochastic and unobservable. Here the state vari-
able r(t) is observable and perfectly predictable. Under this assumption the process is still
aﬃne, because the time-dependence of the covariance matrix is deterministic.16 Therefore
yields and futures rates are still aﬃne in Pt, and all derivations remain unchanged.17
This approach requires that each day be uniquely categorized, and I choose ﬁve exclusive
news regimes:
1. Days with policy actions from the Federal Reserve. Until December 2004 these are
identiﬁed by G¨ urkaynak et al. (2005a), and for the remainder of the sample I use the
days when the Federal Open Market Committee (FOMC) statement was released (148
days total).
2. Days on which the BLS releases its employment report (223 days).
3. Days with a release of either the Consumer Price Index (CPI) or the Producer Price
Index (PPI) (344 days).
4. Days with new retail sales numbers (126 days).
5. All other days, including those that would fall into more than one of the previous cate-
gories (4056 days).
I choose these speciﬁc ﬁve regimes to assess how policy actions and news about the employment
situation, about inﬂation, and about aggregate demand diﬀer in their impact on the yield
curve.
16Under the assumption of observable variance regimes, the conditional moment-generating function of Pt
is given by
Et(exp(u0Pt+1)) = exp(u0µ + .5u0Ωr(t)u + u0ΦPt)
which is exponentially aﬃne in Pt. Therefore Pt is still an aﬃne Markov process, as deﬁned in Singleton (2006,
p. 101).
17A subtle complication stems from the fact that a bond’s convexity is now time-varying. It is safe to ignore
this issue since daily changes in convexity are negligible.
12For the estimation of the cross-sectional dynamics, nothing is changed by introducing news
regimes. The reason is that the variance-covariance matrix of the observable risk factors is
estimated separately from the cross-sectional dynamics, by means of the sample variance-
covariance matrix of the factors. In the case of news regimes, one simply estimates ﬁve
diﬀerent matrices ˆ Ω1,..., ˆ Ω5 by selecting the appropriate subsamples and calculating sample
moments of Pt. However, for the purpose of the empirical exercises that follow I will instead
estimate covariance matrices of ∆Pt for each news regime.
Of course on any given day multiple pieces of news may aﬀect asset prices. This is not as
problematic as it seems. Some releases typically dominate all other pieces of news, such as the
payroll, CPI, or retail sales numbers. Therefore grouping these days into diﬀerent categories
provides some insight into the eﬀects of these sources of news. Moreover, if there are separate
macro releases on the same day, it is still possible to separately estimate their impact in
a multivariate regression. And for the results regarding policy-driven volatility I include
additional results based on intraday changes to ensure robustness. In general, simplicity and
eﬀectiveness lend substantial appeal to my approach of categorizing days into various news
regimes.
3 The Impact of Monetary Policy Actions
Armed with the term structure model I now turn to the question of how monetary policy
actions aﬀect the term structure of interest rates. After discussing terminology and considering
some speciﬁc policy actions and their impact, I ﬁrst revisit the event study regressions used by
Kuttner (2001) and many after him, then propose an alternative perspective based on policy-
driven volatilities, and ﬁnally document the multidimensional character of policy actions in
comparison to macroeconomic news.
3.1 Policy surprises
The object of interest is the revision of the expected path of monetary policy (under Q) that
is due to a policy action. This is what I term a “policy surprise,” in contrast to some other
authors who have used this term to denote the changes in interest rates only at the short
end of the term structure (Kuttner, 2001; Rigobon and Sack, 2004; Bernanke and Kuttner,
2005).18 The deﬁnition here seems more natural since term structure movements that are due
18The diﬀerence between a policy surprise and a policy shock is that while both are unanticipated, the latter
is also exogenous. Since changes in interest rates caused by policy actions may be endogenous to the current
economic situation, surprise is more accurate.
13to policy actions but leave short-term rates unchanged — an example of such a policy action
being a change in the wording of the FOMC statement — also constitute policy surprises.
The revision Rt for a day t with a policy action is a useful and accurate measure of the policy
surprise.
The term structure model allows me to capture the policy surprise in a parsimonious
manner. Three numbers — the values of u
Q
t , or, to a good approximation, the values of ∆Pt
— are suﬃcient to describe Rt and thus to describe the policy surprise. Based on the estimates
of these three numbers, one can calculate ﬁtted rate changes for all money market futures and
bond yields/forward rates, whether they are included in the estimation or not. And of course
one can plot out the revision for any horizons of interest.
Figure 2 exempliﬁes the impact of policy actions on the term structure of interest rates.
The top row shows actual and model-implied changes in Eurodollar futures rates and yields,
as well as the revision out to ten years, for 22 March 2005. On this day the FOMC decided to
increase the target for the federal funds rate by 25 bps, which had been expected and did not
cause near-term fed funds futures to move. However, the FOMC also included more hawkish
language in the statement, speciﬁcally that “pressures on inﬂation have picked up in recent
months.” This change in the language surprised market participants, who revised upward
their expectations of the future path of the policy rate. The bottom row shows changes
for 1 December 2008, when Chairman Ben Bernanke gave a speech declaring that the Fed
was likely to “purchase longer-term Treasury securities [...] in substantial quantities.” This
announcement of unconventional monetary policy through large-scale asset purchases led to
signiﬁcant decreases in interest rates across the maturity spectrum through a combination
of lower expected short rates and lower risk premia.19 Near-term fed funds futures rates,
however, remained essentially unchanged, even increasing slightly.
These examples demonstrate several issues. First, the change in the federal funds target
is not a useful measure of the policy action, a point that was convincingly made in Kuttner’s
seminal paper. Second, changes in near-term fed funds futures contracts are not a suﬃcient
measure of the policy surprise either: These were close to zero in both instances.20 Third,
the model captures the revision of the entire (Q-)expected path of monetary policy, which
is the most appropriate measure of how monetary policy surprised markets. In this way, the
model accurately ﬁts the actual changes in money market futures rates and Treasury yields,
19A quickly growing literature has evolved around the potential eﬀects of such unconventional monetary
policy, with diﬀering answers as to the importance of changes in expectations and risk premia for the actually
observed changes in long-term interest rates (Bauer and Rudebusch, 2011; Gagnon et al., 2011).
20See also the evidence provided by G¨ urkaynak et al. (2005a) who construct a second surprise measure that
uses the information from changes in Eurodollar futures rates.
14and reveals how policy expectations change as a whole.
To avoid confusion, one should distinguish the separate questions in this context. The ﬁrst
is, “What is a good measure of the policy surprise?” The second is, “What is the impact of
policy surprises on the term structure of interest rates?” My answer to the ﬁrst answer is, as
argued above, that the right measure is the revision of the entire expected policy path, Rt.
This can be captured by means of three numbers in the context of my model. Alternative
answers are the Kuttner surprise, the change in a near-term Eurodollar futures rate (as in, for
example, Rigobon and Sack, 2004), or the target and path surprises constructed by G¨ urkaynak
et al. (2005a).
The second question is much more diﬃcult to answer because measures of the policy sur-
prise are themselves based on changes in interest rates. We do not have an independent
surprise measure as we do for macroeconomic announcements.21 I now discuss existing at-
tempts to answer the question, before turning to policy-driven volatilities, which I consider a
valuable alternative approach to tackle the question of interest.
3.2 Revisiting Kuttner regressions
In an important paper, Kuttner (2001) introduced a new approach to estimate the impact of
monetary policy on asset prices.22 In these regressions the dependent variable is the change
in an asset price or interest rate around policy announcements, and the independent variable
is based on the rate change in a near-term money market futures contract. The observations
are daily or intradaily changes around the announcements. The futures rate change that
Kuttner used was for the spot-month fed funds contract, which he scaled to account for the
fact that settlement is based on the average fed funds rate over that month. Other authors
have used the one-month-ahead fed funds futures contract (Poole and Rasche, 2000) or the
nearest Eurodollar futures contract (Rigobon and Sack, 2004). In either case, the independent
variable is intended to measure the monetary policy surprise, and regression coeﬃcients and
R2 are interpreted as capturing the causal impact of the monetary policy action on the asset
price.
I revisit these regressions in the context of the term structure model of this paper. Be-
21Lucca and Trebbi (2009) have made an important contribution by semantically analyzing FOMC state-
ments and measuring changes toward a more hawkish or more dovish stance of policy. However, their measure
is not what we’re looking for either. By construction it focuses on only one dimension of policy, namely the
communication aspect of it. Furthermore it is necessarily noisy and does not diﬀerentiate between expected
and surprise changes.
22Among the many studies that have subsequently used this approach are Poole and Rasche (2000), Rigobon
and Sack (2004), Bernanke and Kuttner (2005), and G¨ urkaynak et al. (2005a).
15cause the model estimates imply second moments for rate changes, they also imply regression
coeﬃcients and R2 for the Kuttner regressions. Appendix D provides details about how the
model-implied regression statistics are calculated. I estimate the regressions for changes in
Eurodollar futures rates and changes in yields, using the change in the one-month-ahead fed
funds futures rate as the policy surprise measure. The sample used in estimation are those days
with policy announcements, without any release of employment report, CPI/PPI numbers, or
retail sales.23
Figure 3 shows the actual and model-implied regression results, for Eurodollar futures in the
left panel, and for yields in the right panel. The model accurately replicates the results of these
regressions: the model-implied coeﬃcients (solid lines) are generally very close to the actual
regression coeﬃcients and always within the 95%-conﬁdence intervals (error bands). The R2
implied by the model (crosses) also accord very well with the empirical R2 (circles). The
fact that the DTSM of this paper encompasses the results from such event study regressions
demonstrates a shortcoming of this approach. What these regressions capture is the cross-
sectional correlation of interest rates, conditional on there being policy news. But they do not
estimate a causal impact of monetary policy on ﬁnancial markets.
As an illustrative example take a policy action that consists only of communication about
future changes, say one year in the futures, in the policy rate. This will typically lead to
changes in forward rates without aﬀecting the short rate. It would be an eﬀective policy
action to the extent that it manages to lower forward rates. However, the correlation between
near-term money market futures and the relevant forward rates would be zero. Clearly, this
correlation would not reﬂect the causal impact of monetary policy on interest rates.
The graph shows the key result that regression coeﬃcients and R2 quickly decrease with
maturity, which accords with the ﬁndings in Kuttner’s original paper and subsequent studies.
This, however, should not lead to the interpretation that monetary policy barely aﬀects the
long end of the term structure. Instead, the right interpretation is that the comovement of
interest rates with the short end of the term structure declines with maturity. This is hardly
surprising in light of the fact that there are not only level movements but also slope and
curvature shifts of the term structure.
In short, the regression approach estimates comovement of interest rates across maturities
but not the eﬀects of monetary policy. In the following I propose a new approach that can
help us to learn about the impact of monetary policy on the term structure.
23There are 148 such days in my sample. I exclude days where the fed funds futures or Eurodollar futures
contracts roll over. The number of remaining observations is 134.
163.3 Volatility caused by monetary policy
Since measures of policy surprises are themselves based on interest rate changes, regressions
seem to be of limited use to answer the question of interest. As an alternative empirical
approach I instead estimate and analyze asset price volatilities caused by policy actions. Con-
sidering the volatilities of interest rates at diﬀerent maturities that can be attributed to policy
actions provides a new and helpful perspective on the eﬀects of monetary policy.
The empirical framework of this paper allows me to estimate the term structure of volatility
for those days with a policy announcement and without any other major news releases, i.e.,
for those days in the ﬁrst news regime. Figure 4 shows estimated vol curves for changes in
Eurodollar futures (top row), yields (middle row) and for the revision/changes in forward rates
(bottom row) for each of the ﬁve regimes. The left-most column represents estimates of the
volatilities that are caused by policy actions.
Monetary policy actions are a major source of interest rate volatility, as is evident from
the height of the policy vol curves relative to the height of the other vol curves. Policy-driven
volatilities are similar in magnitude to the volatilities caused by other macro news such as
CPI/PPI and retail sales, and higher than on days without major macro or policy news.
Policy actions create additional volatility in short-term interest rates, making the policy
vol curve ﬂatter and less hump-shaped than the others. This makes intuitive sense, since the
Fed occasionally surprises market participants with its choice of the target, as evidenced by
Kuttner (2001), causing volatility at the short end of the term structure. This conﬁrms the
well-established result that the Fed has a signiﬁcant impact on short rates.
Can policy aﬀect long-term interest rates? Let us focus on the model-implied volatilities
of forward rates in the last row of the graph. The volatilities certainly do not decline with
maturity. There is a hump shape of the vol curve, and the volatility at the long end is similar
to that on the short end, around 8 bps. This is similar in magnitude to the volatility at the
long end caused by economic news. Evidently policy creates quite signiﬁcant volatility at the
long end of the term structure.
In sum, if one takes the perspective of policy-induced interest rate volatility, monetary
policy seems well able to aﬀect the long end of the term structure. The Fed not only aﬀects
short term interest rates but also can aﬀect long-term interest rates with similar force. This
contrasts with the conclusion suggested by Kuttner (2001), as discussed above, as well as with
G¨ urkaynak et al. (2005a), who despite including longer futures contracts still ﬁnd an impact
that decreases with maturity. Appendix E shows the robustness of this result to using intraday
changes instead of daily changes.
A limitation of this approach is that it does not tell anything about the direction of the
17interest rate movements. Instances where the long end moves in the opposite direction as
the short end would contribute to long-term interest rate volatility just as much as if long
rates moved, by a similar magnitude, in the same direction as short rates. There could be
instances where the Fed intended to tighten policy but far-ahead forward rates decreased,
maybe because of lower growth and inﬂation expectations several years in the future. Clearly
there is potential for additional analysis and complementary approaches.
3.4 Policy surprises are multidimensional
Since second moments of the risk factors are allowed to diﬀer between news regimes, I can
compare diﬀerent sources of news in terms of the comovement of interest rates. In an inﬂuential
study G¨ urkaynak et al. (2005a) have argued that at least two factors are required to describe
changes in interest rates around policy events. Do the estimates of the term structure model
conﬁrm this conclusion? Is macro news similar to policy news in this respect?
To answer these questions I focus on the sample variance-covariance matrices of the changes
in the risk factors, ∆Pt, estimated over the subsamples corresponding to each news regime.24
Table 1 shows, across the ﬁve news regimes, correlations for each pair of risk factors as well
as the energy component of each variable, i.e., the ratio of each eigenvalue to the sum of
eigenvalues of the covariance matrix.
On days with macroeconomic news, the correlations are generally much higher (in absolute
value) than on days with policy actions. For the correlation between changes in the ﬁrst and
second factor, days with macro news show a comovement that is more than twice as strong
as on policy days. An eigenvalue decomposition of the covariance matrices best reveals the
strength of comovement. It shows how much each principal component (PC) contributes to
total variability. On days with policy news the ﬁrst PC contributes 84.9% to the variance and
the second PC 12.2%. On the other hand in the macro news regimes the contribution of the
ﬁrst PC is much higher, 92-95%, and the second PC contributes at a maximum about 5%.
The second PC is more than twice as important for policy news as for macro news.
Clearly factor changes and thus interest rate changes caused by macro news show stronger
comovement than changes in response to policy news. This means that the revisions across
maturities are more strongly correlated on macro news days, and they tend to have more
similar shapes than on days with policy actions. An obvious interpretation is that there seems
to be one underlying source of news for days with macro releases, whereas the more varied
24It is not useful to consider covariances of the levels of the risk factors, since principal components are by
construction uncorrelated. Furthermore, second moments of Pt do not reﬂect the impact of news on the term
structure.
18shapes of revisions on policy days points to independent sources of interest rate movements.
The ﬁnding that policy news is multidimensional is consistent with the results of G¨ urkaynak
et al. (2005a), who argue that one needs two factors to capture policy surprises. Here I
document a clear contrast with macroeconomic news, which tends to change the expected
policy path in a particular fashion, and thus can be suﬃciently summarized by a single factor.
My results accord with the intuition that monetary policy surprises markets along more than
one dimension—the FOMC statement contains not only a target rate decision but additional
pieces of information that can independently move medium- and longer-term interest rates.
This makes the impact that policy can have on the term structure more complex. Two
examples of how the Fed can surprise bond markets were given above, notably with similar
rate changes at short maturities but completely opposite movements at the long end. On the
other hand macroeconomic data releases typically have one major piece of new information
and therefore surprise markets in a one-dimensional fashion.
4 The Impact of Macroeconomic News
This section analyzes the impact of new information in macroeconomic data releases on the
term structure of interest rates. I ﬁrst discuss the character of such data surprises and present
some examples. Then I turn to the regression approach that has become common in this
literature and show how a term structure model can augment such analysis. The evidence
from the regression approach, as well as estimates of news-speciﬁc interest rate volatility,
supports the view of inertial changes in the short rate. I discuss monetary policy inertia in
more detail and provide additional evidence in its favor.
4.1 Macroeconomic data surprises
Releases of macroeconomic data are an important source of new information to market par-
ticipants. Asset prices respond to the surprise component of a release, i.e., the diﬀerence
between the released number and the market’s expectation ahead of time. To estimate this
surprise component one typically resorts to survey-based estimates of expectations. Forecasts
for upcoming release are compiled by Money Market Services, and in this paper I follow the
tradition of using the median forecast to proxy for the average market participant’s expecta-
tion. While such estimates certainly suﬀer from measurement error, as argued for example by
Rigobon and Sack (2008), many studies have found signiﬁcant eﬀects of the macro surprises
on asset prices, with event study regressions being the dominant empirical methodology. For
19ﬁxed income markets this has been documented by, among others, Fleming and Remolona
(1999), Balduzzi et al. (2001), and Kearney and Lombra (2003).
To understand the impact of macroeconomic data surprises on interest rates, it is useful to
ﬁrst consider some speciﬁc examples. One of the most closely watched economic data releases
is the employment report of the Bureau of Labor Statistics (BLS). Particularly the surprise
component in the nonfarm payroll employment number has strong eﬀects on asset prices —
see for example G¨ urkaynak et al. (2005b) and Bartolini et al. (2008). Figure 5 shows the
eﬀects of two speciﬁc releases on the nominal term structure, i.e., on Eurodollar futures rates,
yields, and the expected policy path/forward curve. The top row visualizes what happened
on 5 June 2009. The released payrolls number for May was −345,000, while markets had
anticipated −500,000. Despite the large decrease in employment, this was clearly good news
— the released number exceeded expectations and interest rates consequently increased. The
more optimistic outlook on the economy clearly led market participants to revise upward
their expectations of future monetary policy. The bottom row of the ﬁgure shows changes
for 2 July 2004. The released number for June was 112,000, which was a solid increase in
employment but fell far short of the consensus expectation of 230,000. The bad news, leading
to expectations of looser monetary policy, manifested itself in decreasing interest rates across
maturities.
These two examples exemplify the typical impact of the release of a procyclical economic
indicator on the term structure of interest rates. In the following I will use the common
regression approach, in combination with the parsimonious representation of term structure
movements provided by my model, to document the systematic impact of macro surprises on
the term structure.
4.2 Regression analysis
In the event study regressions that were made popular by Balduzzi et al. (2001) and now
dominate the literature on macro announcement eﬀects, changes in yields are regressed on
the surprise components in macroeconomic data releases. The surprise measures are obtained
using survey-based expectations, and then standardized to make regression coeﬃcients com-
parable across releases. The various surprises are included in a multivariate regression in
order to partial out the eﬀects of releases that occur on the same day. This regression is then
repeated for several diﬀerent maturities.25
Instead of estimating the impact of macro announcements on the term structure as a whole,
25Examples include Kearney and Lombra (2003), G¨ urkaynak et al. (2005b), and Bartolini et al. (2008).
20i.e., the “term structure of announcement eﬀects” (Fleming and Remolona, 1999), the common
approach separately estimates the impact on various securities. Thus, the cross-sectional
restrictions that are implied by absence of arbitrage are ignored.26 This is unsatisfactory
for several reasons: First, we cannot say anything about instruments or maturities that are
not included in the regression analysis. Second, ignoring cross-sectional restrictions gives up
potential gains in estimation eﬃciency. Third, to understand whether there are level or slope
eﬀects of particular macro releases, one should incorporate the whole term structure in the
estimation instead of making conclusions based on some speciﬁc maturities. Lastly, there is
theoretical appeal in obtaining estimates of announcement eﬀects that satisfy the restrictions
imposed by absence of arbitrage.
Estimating the term structure of announcement eﬀects using the model proposed in this
paper is straightforward: First, the response of the term structure factors to the macro sur-
prises is estimated using seemingly unrelated regressions (SUR, see Zellner, 1962). The key
diﬀerence to the regressions common in the literature is that the daily changes in the pricing
factors are used as independent variables instead of the changes in the actual interest rates.
This provides us with three regression coeﬃcients for each macro announcement series, the
response of the level, slope, and curvature factors, respectively, to a one standard deviation
surprise in this release, as well as the covariance matrix of all coeﬃcients in the SUR system.
Second, the model-implied response of interest rates are calculated using the loadings from the
term structure model.27 In this way it is possible to predict the point estimates and conﬁdence
intervals for the response of any asset that can be priced by the model.28
The regression analysis includes data on six diﬀerent macroeconomic data releases: non-
farm payroll employment, the unemployment rate, hourly earnings, core CPI, and core PPI (all
of which come from the BLS) as well as retail sales (released by the Department of Commerce).
The sample includes all business days from January 1990 to December 2009.
First consider the responses of speciﬁc instruments to macro news: Figure 6 shows the
estimated impact on Eurodollar futures rates of surprises in each of the six news releases.
Model-implied responses, shown as solid lines, correspond well to the empirical responses,
which are shown with 95% conﬁdence intervals as error bars. The good ﬁt is no surprise, since
the model accurately ﬁts interest rate changes, thus it naturally also ﬁts responses to macro
26The only exception, to my knowledge, is a study by Fleming and Remolona (1999), who incorporate
macro announcement data into a term structure model. In contrast, my approach leaves the news outside of
the model, which makes the framework simpler and more widely applicable.
27Note that this two-step procedure is equivalent to calculating the response of ﬁtted interest rates to the
macro surprises.
28To calculate the conﬁdence intervals of the predicted responses, the joint covariance matrix of all coeﬃcients
in the SUR system is required.
21surprises well. The ﬁt for the responses of yields (not shown) is equally good. Because of the
good ﬁt I can focus on model-implied responses in all subsequent analysis.
Table 2 reports the model-implied responses for several diﬀerent instruments, namely the
ED4 contract, the two-year yield, the ten-year yield, and the nine-to-ten-year forward rate
(the last two columns will be described below). While the ﬁrst three of these instruments are
part of the data set, the forward rate is not. The term structure model enables me to calculate
its response to macro news nevertheless.
Based on the responses of the pricing factors to macro news, we can calculate the responses
of the entire Q-expected future path of monetary policy, i.e., of one-day forward rates at all
future maturities, using the expression given in equation (4). These are shown in Figure 7,
together with point-wise 95% conﬁdence intervals. The ﬁgure summarizes everything about
the response of interest rates to macro surprises that is captured by the term structure model.
The key observations are the following:
• For all releases except for core PPI there is a signiﬁcant response over some horizons.
• Surprises in the payrolls number have by far the strongest impact on the term structure
– forward rates at a two-year horizon respond more than twice as much as to any other
surprise.
• The revision of risk-adjusted expectations has a hump shape without exception: at
the short end the responses increase (in absolute value), and after reaching a peak at
a horizon of about two to three years they level out. The increase at the short end
indicates that market participants expect the Fed to adjust the target in small steps,
indicating monetary policy inertia.
• Some releases lead to a signiﬁcant response at the long end whereas others do not.
The issue of policy inertia will be discussed in more detail in Section 4.4, bringing into the
picture the term structure of volatility and some additional evidence. But ﬁrst the issue of
the response of long rates deserves closer scrutiny.
4.2.1 The response of long-term interest rates
It is an important question whether the long end of the term structure shows a signiﬁcant
reaction to a macro surprise, or whether the response has a transitory character, because the
answer aﬀects what is required of macroeconomic models of monetary policy. This point was
made forcefully by G¨ urkaynak et al. (2005b), who concluded that most releases do aﬀect long
rates and that standard macro models are at odds with this ﬁnding.
22The question about the response of the long end of the term structure is not as straightfor-
ward as it seems, since the answer depends on what is considered “the long end.” If it is the
response of the ten-year yield, shown in the third column of Table 2, one might conclude that
all releases except for the unemployment report aﬀect the long end of the yield curve. How-
ever, since yields are averages of forward rates, a signiﬁcant response of a long yield does not
necessarily imply that risk-adjusted policy expectations at long horizons have changed. There-
fore G¨ urkaynak et al. (2005b) regressed nine-to-ten-year forward rates on macro surprises and
concluded that there is sensitivity of long-term rates to most announcements. Table 2 shows
in column four the model-implied responses of these forward rates. The advantage of looking
at such model-implied rates is that imposing a smooth revision consistent with no-arbitrage
and the model can avoid distortions from idiosyncratic behavior of some instruments. The
results indicate that at this horizon forward rates respond signiﬁcantly to macro news for only
three of the six releases, namely hourly earnings, core CPI, and retail sales.
Instead of looking at a speciﬁc maturity such as the nine-to-ten-year forward rate, the term
structure model allows me to test the hypothesis for a response at the long end of the term
structure, incorporating information from all the instruments used in estimating the model.
The question can be rephrased as whether macro news has level eﬀects.
The two last columns of Table 2 show the responses of two diﬀerent level factors to macro
news. The second-to-last column contains the response of the ﬁrst pricing factor, P1
t , which
is the ﬁrst principal component of interest rates and has loadings corresponding to a level
factor.29 From this perspective, all six releases have a signiﬁcant level eﬀect on the term
structure, since all six coeﬃcients are signiﬁcantly diﬀerent from zero. This, however, does
not answer the question of whether the long end of the yield curve responds to macro news.
The ﬁrst principal component is not the right level factor to look at. The reason is that the
response of this factor essentially represents the average response of all instruments included
in the data set.
The last column of the table reports the responses of the ﬁrst “Jordan-normalized” factor,
in the parlance of Joslin et al. (2011), which I denote by X1
t . Because I have imposed the
restriction on the model that the largest eigenvalue of Φ is unity, all interest rates have a
loading on X1
t of exactly one. This factor thus truly represents the very long end of the
term structure of interest rates: it corresponds to a yield or forward rate with a maturity of
inﬁnity. According to the response of this factor, hourly earnings, core CPI, and retail sales
signiﬁcantly aﬀect the long end of the term structure.
29I have standardized this factor for the regression analysis to have an average loading of unity so that the
units of measurement are comparable.
23In contrast to the ﬁndings of G¨ urkaynak et al. (2005b), I do not conclude that most
important macro announcements have signiﬁcant eﬀects on the long end of the term structure.
Instead, the evidence is more mixed. Incorporating information from the entire nominal term
structure and speciﬁcally testing the hypothesis of a response at the long end using the term
structure model, I ﬁnd that some important releases including the nonfarm payrolls number
have only transitory eﬀects on forward rates.
4.3 Volatility caused by macro news
News-speciﬁc volatilities provide an additional, new perspective on the impact of macro news
on interest rates. Going back to Figure 4, one can see how the news regimes deﬁned in Section
2.6 diﬀer as sources of interest rate volatility. The ﬁrst column shows policy-driven volatility
and was discussed in Section 3.3. The second, third, and fourth columns show volatilities on
days with employment reports, CPI/PPI news, and retail sales, respectively. The last column
shows volatilities on those days that do not fall into either of the other four regimes.
The most important driver of interest rates among those that I consider is the BLS em-
ployment report. On the days of its release, interest rate volatility is about 40-60% higher
than on other days. The employment report and more speciﬁcally the payrolls number (as
evidenced above), dominates all other releases in terms of information content and causes the
strongest revisions of the assessment of the current economic situation and of expectations
of monetary policy by market participants. New information about the labor market is the
biggest source of interest rate volatility, more important than news about monetary policy,
the price level, or aggregate demand.
The news-speciﬁc term structures of volatility have very pronounced hump shapes. Parallel
to the increasing macro responses at the short end of the term structure documented above,
this constitutes evidence for monetary policy inertia, which I discuss below. It should be
mentioned here that Piazzesi (2001) showed how the hump shape of the term structure of
volatility can be attributed to policy inertia in the context of a term structure model that
incorporates monetary policy.
4.4 Expected policy inertia
The term “monetary policy inertia” is typically used to describe the empirical phenomenon
that subsequent changes in the policy instrument typically go in the same direction, i.e., that
there is positive autocorrelation of changes in the target federal funds rate. Under rational
expectations, such inertial adjustment of the policy rate will be reﬂected in the revisions of
24short rate expectations by market participants.
The evidence above, about the responses of forward rates to macro news and about interest
rate volatility, showed the distinct hump shape in response coeﬃcients across maturities and
in the macro-news-speciﬁc term structures of volatility. Since this shape is unlikely to be
entirely due to variation in term premia, policy expectations clearly get revised in such a
way that very near-term expectations generally move by less than medium-term expectations.
Therefore, this evidence supports the view that market participants expect the Fed to display
some degree of inertia in its adjustments of the short rate.30
The idea that interest rate responses around macroeconomic releases can tell us about
expected policy inertia has been formalized by Rudebusch (2006). As empirical evidence he
proposed to look at rate changes at diﬀerent near-term horizons during intradaily changes
around the releases. I present in Table 3 evidence that is directly comparable to the analysis
performed by Rudebusch, namely means and medians of ratios of rate changes at diﬀerent
horizons on days with macro news.31 I consider both actual and model-implied rate changes
in the ED3 contract relative to the ED2 contract, as well as in the three-to-six-month forward
rate relative to the three-month yield as in Rudebusch’s analysis. In addition I include the
ratio of the revision at the six-month horizon relative to the one at the three-month horizon,
and the ratio for the twelve-month horizon relative to the six-month horizon. I calculate the
median and mean (with standard error) over all observations that fall on days with the release
of either an employment report, CPI/PPI numbers, or retail sales numbers.32 The evidence
shows clearly that the change in the further-out interest rate is typically larger in absolute
value than the one at the closer horizon – the ratios are almost all signiﬁcantly larger than
one, with the actual yield changes being the only exception. While focusing on short-term
Treasury yields, as in Rudebusch’s analysis and in column three of my table, seems to indicate
“that the case of no or little inertia is the relevant one” (Rudebusch, 2006, p. 29), broadening
the perspective to other rates, and using a ﬁtted term structure model to answer the question,
strongly supports the conclusion in favor of policy inertia.
Policy inertia has been associated with a desire of the central bank to smooth interest
rates and a resulting sluggish adjustment of the policy instrument toward the desired tar-
get. Estimated policy rules in which the current rate is a weighted average of the past short
rate and the desired level, going back to Clarida et al. (2000), provided the empirical foun-
30See also Fleming and Remolona (1999) on this issue.
31The fact that I do not use intradaily data is unlikely to change the qualitative results and allows me to
use the term structure model to assess the question of interest.
32I round changes to whole basis points and exclude observations where the change in the denominator is
zero.
25dation for interest rate smoothing. However, there is a powerful alternative explanation for
observed policy inertia, a point made forcefully by Rudebusch (2002, 2006): If variables that
determine the policy rate are serially correlated, i.e., if the shocks in estimated simple policy
rules are persistent, then observed target rate changes will display serial correlation as well.
The two alternative explanations for policy inertia, interest rate smoothing on the one side,
autocorrelated shocks on the other side, are hard to empirically distinguish—for a discussion
see Rudebusch’s papers and, most recently, Coibion and Gorodnichenko (2011). The evidence
presented here is generally consistent with both explanations of policy inertia.
However, Rudebusch (2006, Section 3.3) has demonstrated that under certain plausible
assumptions, the relative magnitude of responses to macro announcements at diﬀerent hori-
zons can provide evidence about the degree of interest rate smoothing.33 Under Rudebusch’s
assumption the relative rate change is equal to δ+ρ, with δ being the autoregressive coeﬃcient
of the inﬂation process, which we can safely take to be equal to one, and ρ being the interest
rate smoothing parameter of the policy rule. Rudebusch found the ratio of rate changes at
diﬀerent maturities to be insigniﬁcantly diﬀerent from one, concluding that there is no con-
vincing evidence for interest rate smoothing, or “intrinsic policy inertia.” However, Table 3
shows that values of ρ between 0.3 and 0.8 are not inconsistent with this type of evidence. On
the low end of this interval this corresponds to the values for ρ estimated in Rudebusch (2002),
while at the upper end it is consistent with values estimated in the policy rules literature.
The bottom line here is that the term structure movements around macroeconomic an-
nouncements provide evidence of intrinsic policy inertia. The increasing responses to macro
surprises at the short end of the term structure that I documented above, and the evidence
in Table 3, speak in favor of a signiﬁcant amount of interest rate smoothing, i.e., inertial
adjustment of the policy instrument toward the desired target. While the degree of interest
rate smoothing on the part of the Fed is not precisely pinned down by these estimates, they
are certainly not inconsistent with sizable inertia at the quarterly frequency, with a partial
adjustment (1 − ρ) as low as 20%. In other words, based on my ﬁndings here it is entirely
plausible that the Fed, having changed its optimal interest rate target in light of new data,
puts considerable weight, up to 80%, on last quarter’s short rate in determining the new policy
rate.
33In a recent paper related to this issue, Hamilton et al. (2009) have shown that using macroeconomic
announcements to estimate the market-perceived Taylor rule leads to an important role for interest rate
smoothing.
265 Conclusion
This paper introduces a coherent framework to describe and understand the eﬀects of mon-
etary policy surprises and macroeconomic announcements on nominal interest rates. The
model is based on the cross-sectional dimension of a conventional aﬃne Gaussian DTSM. In
this way, it provides a parsimonious representation of the entire nominal term structure and
characterizes the revisions of risk-neutral short rate expectations that are caused by diﬀerent
news. Furthermore it provides for an integrated analysis of diﬀerent types of news by allowing
for heterogeneous sources of volatility. Using this model I shed new light on several important
economic questions related to the impact of policy and macro news on the term structure of
interest rates.
Additional questions related to the response of the term structure to policy and macro
news naturally arise, such as about the contributions of expectations and risk premium com-
ponents, as well as about the role of inﬂation expectations. These questions are pursued in
separate papers (Bauer, 2011a,b). With regard to risk premia, my ﬁndings suggest that at
high frequencies, changes in nominal interest rates are mainly due to changing short rate ex-
pectations. This substantiates that the observed rate changes in response to news in fact do
predominantly signal changes in the expected path of the policy rate.
The methodology presented in this paper can be applied to better understand the response
of stock markets to policy and macro news. Since the model captures the response of nominal
rates, it could be used to decompose the response of stock markets into one component due to
cash ﬂow news and a second component due to discount rate news, along the lines of Bernanke
and Kuttner (2005).
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31A Aﬃne loadings for yields and forward rates
The price of an n-period zero coupon bond at time t is given by
P
n
t = exp(An + BnPt)
where the bond price loadings An and Bn are determined by









and the initial conditions A0 = 0, B0 = 0. The yield loadings are given by An = −An/n and
Bn = −Bn/n. The derivation can be found, for example, in Dai and Singleton (2003).
For a forward rate for a loan from t + n to t + n + 1 we have fn
t = log(P n
t ) − log(P
n+1
t ) =














To see that Bf
n = (Bn − Bn+1) = (Φ)n0δ1 note that Bn = −[IN + Φ + ... + Φn−1]0δ1.
B Revisions to risk-neutral short rate expectations
For the risk-neutral expectations of future Pt the VAR(1) speciﬁcation implies
E
Q
t Pt+n = [IN + Φ + ... + Φ
n−1]µ + ΦPt.
Therefore, we have for the change in the risk-neutral expectation, between days t − 1 and t,
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n+1ΩBn+1 stands for the change in convexity that comes with
the shortening of the maturity. For a daily change and a forward rate maturity of several
quarters or years this term will be negligibly small.
C Aﬃne loadings for money market futures rates
Denote by ˆ fn
t a hypothetical futures rate for a contract that pays oﬀ proportional to the short
rate at t+n. It corresponds to fn





n + ˆ Bf0
n Pt with loadings given by
ˆ A
f
n = δ0 − µ
0Bn = δ0 + δ
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The rates of money market futures are averages of ˆ fn




















so that we have for the aﬃne loadings of the futures rates
AFFi = M−1 P(i+1)M− ¯ m
n=iM−¯ m+1 ˆ Af
n, BFFi = M−1 P(i+1)M− ¯ m
n=iM−¯ m+1 ˆ Bf
n,
AEDi = Q−1 P(i+1)Q−¯ q
n=iQ−¯ q+1 ˆ Af
n, BEDi = Q−1 P(i+1)Q−¯ q
n=iQ−¯ q+1 ˆ Bf
n.
33D Model implications for Kuttner-regressions
For the regression of the change in a yield with maturity n on the change in the FF1 rate, the
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nV ar(∆Pt)Bn + σ2
w)(B0
FF1V ar(∆Pt)BFF1 + σ2
w)
.
For regressions of changes in Eurodollar futures rates, the loadings Bn are replaced by BEDi.
The model estimates imply the values of the loadings and of σ2
w. For V ar(∆Pt), which
is not implied by the model, I use the sample covariance matrix of ∆Pt, estimated over the
subsample used in the regression, i.e., the days with policy announcements.
E Intraday volatilities around policy actions
My measure of the policy surprise, the revision on a day with a policy action, contains noise
since there is other news on day t that also aﬀects rates. Going to intraday data increases the
precision, but it precludes the use of a term structure model. Here I show additional (model-
free) results based on intradaily changes around FOMC announcements and demonstrate the
robustness of my results.
I perform a similar analysis using the intraday yield changes around FOMC announcements
that were used by G¨ urkaynak et al. (2005a).34 The data set contains yields with maturities
three months, six months, and two, ﬁve, and ten years, and spans the policy actions from
July 1991 to December 2004. I calculate volatilities for tight-window changes (30 minutes),
wide-window changes (60 minutes), and daily changes.
34I thank Eric Swanson for providing me with these data.































Notes: Left panel shows sample standard deviations for changes in Treasury yields around policy
actions, from July 1991 to December 2004, using a tight (30 minute) window, a wide (60 minute)
window, and a daily window. Right panel shows unconditional volatilities, using all days in the
sample, for the same maturities and sample period.
The ﬁgure shows the resulting vol curves in the left panel and the unconditional vol curve
for the same maturities and sample period in the right panel. Intradaily volatilities around
policy actions are lower than those calculated using daily changes, which is natural since the
news during the remainder of the day are left out. Comparing the policy-induced volatilities
at the short and at the long end, they are slightly smaller at the long end in this sample.
However, this holds for both daily and intradaily changes: estimating volatilities using a tight
window around policy announcements does not change the relative magnitude of volatilities
at the long end vs. at the short end.
35Table 1: Policy vs. macro news: factor comovements
Correlations Energy content (%)
News regime ρ1,2 ρ1,3 ρ2,3 PC1 PC2 PC3
FOMC -0.393 -0.480 0.467 84.9 12.2 2.9
Employment -0.806 -0.841 0.630 94.9 3.7 1.4
CPI/PPI -0.812 -0.651 0.415 92.2 5.2 2.6
Retail -0.834 -0.761 0.506 93.3 5.2 1.5
Other days -0.752 -0.580 0.412 90.7 6.1 3.2
Notes: Correlations (ρi,j = corr(∆Pi
t,∆P
j
t )) and energy content of changes in term structure
factors for each news regime.Table 2: Eﬀects of macroeconomic announcements
News release ED4 2y yield 10y yield 9-to-10 fwd P1
t X1
t
Payrolls 6.89*** 5.92*** 2.77*** -0.02 4.88*** -0.24
(0.82) (0.69) (0.57) (0.53) (0.61) (0.53)
Unemployment rate -1.64** -1.51*** -0.50 0.17 -1.20** 0.21
(0.65) (0.56) (0.51) (0.56) (0.50) (0.56)
Hourly earnings 2.24*** 2.00*** 1.57*** 1.06* 1.83*** 1.01*
(0.70) (0.59) (0.57) (0.59) (0.54) (0.59)
Core CPI 2.78*** 2.45*** 2.06*** 1.44* 2.27*** 1.38*
(0.60) (0.52) (0.63) (0.74) (0.51) (0.75)
Core PPI 0.72 0.62* 0.77** 0.72 0.64* 0.71
(0.44) (0.37) (0.38) (0.45) (0.34) (0.46)
Retail sales 2.41*** 2.11*** 1.63*** 1.01** 1.91*** 0.95**
(0.45) (0.39) (0.38) (0.45) (0.35) (0.46)
Notes: Responses of instrument rates and term structure factors to a one-standard-deviation
surprise in six diﬀerent macroeconomic data releases. Sample: Days with at least one
macroeconomic announcement but without policy action, January 1990 to December 2009.
Numbers in parentheses are White standard errors. *, **, and *** denote signiﬁcance at 10%, 5%,
and 1% level, respectively.





























median 1.30 1.25 1.00 1.67 1.40 1.50
mean 1.39 1.28 1.06 1.76 1.48 1.48
(s.e.) (0.03) (0.02) (0.19) (0.09) (0.05) (0.03)
Notes: Summary statistics for relative changes in actual and model-implied rates. Sample: days
with release of either employment report, CPI/PPI numbers, or retail sales numbers, January 1990
to December 2009 (663 observations). Rate changes are rounded to one basis point, observations
with zero change in the denominator are excluded.Figure 1: Empirical and model-implied term structure of volatility






























Notes: Sample standard deviations with 95%-conﬁdence intervals and model-implied volatilities for
daily changes in Eurodollar futures rates and Treasury yields.Figure 2: Policy surprises
























Changes in ED futures








4 Changes in yields







































































Notes: Actual changes (crosses) and model-implied changes (dashed line) for Eurodollar futures (left column) and yields (middle
column), as well as revision (right column) on two diﬀerent days with policy actions. The top row shows changes for 22 March 2005,
the bottom row for 1 December 2008. Refer to main text for a discussion of the policy actions.Figure 3: Kuttner regressions



























































Notes: Actual and model-implied results for Kuttner regressions. The independent variable is the
change in the one-month-ahead fed funds futures contract. The dependent variable is the change in
a Eurodollar futures rate (left panel) or in a Treasury yield (right panel). Error bars show point
estimates and 95%-conﬁdence intervals for the regression coeﬃcients, solid lines show the
model-implied coeﬃcients. Circles show actual R2 and crosses show model-implied R2. The sample
consists of 134 days with policy announcements but without employment reports, CPI/PPI releases
or retail sales numbers, from 1990 to 2009.Figure 4: News-speciﬁc term structures of volatilities























































































































































Empirical volatilities (sample standard deviations) with 95%-conﬁdence intervals as well as model-implied volatilities for daily
changes in Eurodollar futures rates (top row) and yields (middle row), as well as model-implied volatilities of forward curve/revision
(bottom row) in each of the ﬁve news regimes.Figure 5: Selected macro surprises

























Changes in ED futures














































































Notes: Actual changes (crosses) and model-implied changes (dashed line) for Eurodollar futures (left column) and yields (middle
column), as well as revision (right column) on two diﬀerent days with macro surprises. The top row shows changes for 5 June 2009,
when nonfarm payrolls of -345,000 exceeded expectations of -500,000. The bottom row shows changes for 2 July 2004, when nonfarm
payrolls of 112,000 fell short of expectations of 230,000.Figure 6: Impact of macro surprises on Eurodollar futures












































































































Notes: Actual (error bars) and model-implied (solid lines) responses in basis points for Eurodollar
futures to macro data surprises, with 95%-conﬁdence intervals. Coeﬃcients capture the response to
a one standard deviation surprise in each release. Sample: daily observations from January 1990 to
December 2009. For details refer to main text.Figure 7: Impact of macro surprises on risk-neutral policy expectations







































































































Notes: Model-implied responses (in basis points) of risk-neutral expectations of future monetary
policy to macro data surprises, with 95%-conﬁdence intervals. Also shown is the long-run response.
Coeﬃcients capture the response to a one standard deviation surprise in each release. Sample:
daily observations from January 1990 to December 2009. For details refer to main text.